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1
METHOD FOR MANUFACTURING A
VERTICAL BIPOLAR TRANSISTOR
COMPATIBLE WITH CMOS
MANUFACTURING METHODS

BACKGROUND

1. Technical Field

The present disclosure relates to the manufacturing of inte-
grated circuits on a semiconductor wafer, and more particu-
larly to a method for manufacturing a bipolar transistor com-
patible with CMOS (Complementary Metal Oxide
Semiconductor) manufacturing methods.

2. Description of the Related Art

Generally, the formation of vertical bipolar transistors in a
CMOS circuit employs a significant number of resists and
additional manufacturing steps. These additional steps relate
in particular to forming doped zones to produce the emitter,
the base and the collector of the bipolar transistor at different
depths in the semiconductor wafer. These steps are generally
not useful to form CMOS transistors that are usually pro-
duced on the surface of the wafer.

Certain techniques of forming a bipolar transistor use the
formation of isolated wells that are produced for the CMOS
transistors. The bipolar transistors obtained using these tech-
niques generally have insufficient performances, in particular
in terms of gain and frequency resistance, for most applica-
tions. The steps of forming these wells are indeed optimized
for the formation of CMOS transistors, but not for the forma-
tion of bipolar transistors.

One well-known method also involves producing in
CMOS circuits bipolar transistors which can achieve a higher
gain, in the order of 100, and a frequency resistance of a few
tens of GHz. FIG. 1 thus represents a cross-section of an
example of a PNP-type bipolar transistor formed in a semi-
conductor wafer. The bipolar transistor comprises a base BW
formed by an N-doped well, an N-doped isolating well NISO,
produced deep down, and a collector produced by several
layers of different types of doping, formed between the base
well BW and the isolating well. In this example, the collector
comprises a P+-doped well PPW, formed above the well
NISO, and another P-doped well PW, formed between the
wells PPW and BW. The emitter of the bipolar transistor is
formed by a P-doped layer of polysilicon ET, deposited on the
base well BW. The sides of the emitter ET are protected by
isolating spacers SP. A base contact is produced by an
N+-doped zone BD formed in the base well BW around the
emitter ET, and topped by a connecting metal layer. A collec-
tor contact CPD is formed by a P+-doped region, isolated
from the base well BW by means of an isolating trench STI.
The collector contact CPD is formed in a P-doped well CLW,
ensuring the electrical link between the collector contact CPD
and the well PPW. The well NISO is biased by means ofa well
contact formed by an N+-doped zone SPD, electrically linked
to the layer NISO by two N+-doped wells SLW and SNW.

Unlike CMOS transistors, the manufacturing of this tran-
sistor forms a significant number of doped wells, and thus
employs a large number of resists and doping steps. In addi-
tion, this transistor also occupies a significant wafer surface
area.

BRIEF SUMMARY

One embodiment of the present disclosure is a bipolar
transistor having high performances, in particular in terms of
gain and frequency resistance. The bipolar transistor can be
made with a reduced number of resists and a reduced number
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of manufacturing steps to be added to the steps of manufac-
turing CMOS transistors on a semiconductor wafer.

Some embodiments relate to a method for manufacturing a
bipolar transistor, the method comprising steps of: forming at
least one isolating trench to isolate a first region from a second
region in a semiconductor wafer, and to isolate the first and
second regions from the rest of the wafer, forming a first well
by means of a first type of doping, in the second region,
producing a collector region by forming a second well by
means of the first type of doping, in the first region, the second
well being in contact with the first well below the isolating
trench, producing a base region by forming a third well by
means of a second type of doping above the second well on
the wafer surface, forming a CMOS transistor gate on the first
region to delimit with the isolating trench a first region and a
second region, forming a collector contact region and an
emitter region by means of heavy doping of the first type,
respectively in the first well and in the first region, and form-
ing a base contact region by means of heavy doping of the
second type, in the second region.

According to one embodiment, the wafer has the first type
of doping, the method comprising a step of forming an iso-
lating well by means of the second type of doping deep in the
wafer, below the first and second wells.

According to one embodiment, the isolating well is formed
during steps of forming a CMOS circuit in the wafer.

According to one embodiment, the method comprises the
formation of a first and of a second isolating trench, the first
trench surrounding the first region, and the second trench
surrounding the collector contact region and the first trench.

According to one embodiment, the isolating trenches, the
first well, the gate, and the heavily doped regions are pro-
duced during steps of forming a CMOS circuit in the wafer.

According to one embodiment, the second and third wells
are produced using a same resist.

According to one embodiment, the second well is more
heavily doped deep down than close to the surface of the
wafer.

According to one embodiment, the first well is more
heavily doped on the surface of, than deep down in the wafer.

Some embodiments also relate to a bipolar transistor which
can be integrated into a CMOS-type integrated circuit struc-
ture, the transistor comprising: at least one isolating trench
isolating a first region from a second region in a semiconduc-
tor wafer, and isolating the first and second regions from the
rest of the wafer, a first well having a first type of doping,
formed in the second region, a collector region formed by a
second well having the first type of doping, in the first region
and in contact with the first well below the isolating trench, a
base region formed by a third well having a second type of
doping, in the second well on the surface of the wafer, a
CMOS transistor gate formed on the first region, delimiting
with the isolating trench a first region and a second region, a
collector contact region and an emitter region having heavy
doping of the first type, respectively in the first well and in the
first region, and a base contact region having heavy doping of
the second type in the second region.

According to one embodiment, the bipolar transistor com-
prises a first and a second isolating trench, the first trench
surrounding the first region, and the second trench surround-
ing the collector contact region and the first trench.

According to one embodiment, the gate surrounds the
emitter region, and the base contact region surrounds the gate.

According to one embodiment, the emitter region, the gate
and the base contact region are aligned and surrounded by the
first isolating trench.
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According to one embodiment, the emitter region, the gate,
the base contact region and the collector contact region are
aligned and surrounded by the isolating trench which isolates
the base contact region from the collector contact region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Some examples of embodiments of the present disclosure
will be described below in relation with, but not limited to, the
following figures, in which:

FIG. 1 described above, schematically represents a cross-
section of a bipolar transistor, according to prior art,

FIGS. 2 to 6 schematically represent a cross-section of a
semiconductor wafer at different steps of manufacturing a
PNP-type bipolar transistor, according to one embodiment,

FIG. 7 schematically represents a cross-section of a semi-
conductor wafer comprising an NPN-type bipolar transistor,
according to one embodiment,

FIG. 8 represents curves of dopant concentration according
to the depth in the wafer,

FIGS. 9 to 11 schematically represent in a top view, the
semiconductor wafer in which a bipolar transistor is formed,
according to various embodiments,

FIG. 12 represents curves showing the performances of the
bipolar transistors in FIGS. 6 and 7.

DETAILED DESCRIPTION

FIGS. 2 to 6 represent an integrated circuit on a semicon-
ductor wafer WF, at different steps of a method for manufac-
turing a PNP-type bipolar transistor, according to one
embodiment. The wafer WF may be made of P-doped silicon.
FIG. 2 shows some first steps of the manufacturing method.
These steps including forming isolating trenches STI in the
wafer WF by shallow trench isolating (STI) techniques, form-
ing an embedded isolating well NISO deep down in the wafer
WF, and forming N- and P-doped wells NW, PW between the
upper surface of the water WF and the well NISO.

The trenches STI comprise a trench 11 enabling a first
region CA to be isolated from a second region PA. In some
embodiments, the first region CA is a central region posi-
tioned centrally in the wafer WF and the second region PA is
a peripheral region positioned peripherally in the wafer. The
trenches STI also comprise a trench 12 enabling the first CA
and second PA regions to be isolated from the rest of the wafer
WF, and in particular from a bias contact of the well NISO
(described below). The trenches 11, 12 can be produced by
classic means, for example by etching a layer of light-sensi-
tive resin through a resist, and by plasma etching through the
layer of resin. The trenches are then filled with an electrically
insulating material such as silicon oxide, the layer of oxide
then being planarized by mechanical or chemical polishing,
to leave the insulating material in the trenches only.

The embedded well NISO can be produced by ion implan-
tation or by diftfusion of an appropriate doping material. The
regions of the wafer WF where the well NISO is not desired
to be formed are protected by an etched layer of light-sensi-
tive resin.

The wells PW and NW extend between the layer NISO and
the upper surface of the water WF. The well PW is made in the
second region PA between the trenches 11 and 12 and below
a portion of the trenches 11, 12 to form a collector contact.
The well NW is formed between the trench 12 and a trench 13
of'the trenches STT and below a portion of the trenches 12, 13.
The well NW is provided to electrically link the layer NISO to
a bias contact of the layer NISO formed on the surface of the
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wafer WF between the trenches 12 and 13. The wells PW and
NW may be in contact with each other below the trench 12.
Each of the wells PW and NW can be produced by ion
implantation or diffusion of an appropriate doping material
through a layer of light-sensitive resin previously etched to
only leave exposed the regions to be doped.

FIG. 3 shows some next steps of the manufacturing
method. These steps involve successively forming in the first
region CA delimited by the trench 11, P-doped collector wells
CPW1, CPW2, and an N-doped base well BNW, to form
collector and base regions of the bipolar transistor. The well
CPW1 reaches the well NISO and the well PW below the
trench 11. The well CPW?2 is formed above the well CPW1
and laterally limited by the trench 11. The well PW thus
ensures an electrical link between the collector formed by the
wells CPW1, CPW2, and the surface of the wafer between the
trenches 11 and 12. The doping of the well CPW2 is less
concentrated than the well CPW1.

The well BNW is formed between the well CPW2 and the
upper surface of the wafer. The wells CPW1, CPW2 and
BNW can be formed by ion implantation or diffusion of an
appropriate doping material through a layer of light-sensitive
resin previously etched using a same resist to only leave
exposed the regions to be doped. In FIG. 3, the resist does not
cover the first region CA and a portion of the trench 11
adjacent to the region CA.

It shall be noted that the layer NISO enables the wells PW
and CPW1 to be electrically insulated from the rest of the
wafer WF that has the same type of doping as the wells.

FIG. 4 shows some next steps of the method. These steps
involve forming a gate GT on the base well BNW, forming
heavily P+-doped emitter EPD and collector contact CPD
regions, and forming heavily N+-doped base contact BND
and bias contact SND regions of the well NISO.

The emitter EPD and base contact regions BND are formed
at opposite sides of the gate GT, on the surface of the wafer
WEF in the first region CA delimited by the trench 11. The gate
GT can be produced in a classic manner by forming on the
surface of the wafer WF a layer of oxide GO, and by depos-
iting and by etching a layer of polysilicon on the wafer WF.
The layer GO can be produced by thermal oxidation of a thin
surface layer of the wafer WF. The layer of polysilicon can be
etched through a resist deposited and etched on this layer.

The regions EPD, CPD can be produced simultaneously by
ion implantation or diffusion of an appropriate doping mate-
rial through a layer of light-sensitive resin previously etched
to only leave exposed the regions to be doped. The regions
BND, SND are produced simultaneously in a similar manner,
using another appropriate doping material. It shall be noted
that the gate GT and the trenches 11, 12 enable the regions
EPD and BND, and the regions CPD and SND to be sepa-
rated, and any resist misalignment to be prevented when
forming the latter.

FIG. 5 shows some next steps of the method. These steps
involve forming a lateral wall spacer SP around the gate GT.
The spacer SP is classically formed by depositing on the
wafer WF a layer made of an insulating material such as
silicon oxide or silicon nitride, and by plasma anisotropic
etching of the insulating layer.

FIG. 6 shows a next step of the method involving forming
contacts CT on the doped regions EPD, BND, CPD, SND and
on the gate GT, so as to enable these regions to be connected
to the rest of a circuit formed in the wafer WF.

It shall be noted that the layer NISO is generally used to
form CMOS transistors, and in particular to isolate from the
rest of the wafer the wells PW used to form n-channel CMOS
transistors. Furthermore, the trenches STI, the wells PW, NW,
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the doped regions EPD, BND, CPD and SND on the surface
of'the wafer, and the gate GT, can be formed at the same time
as those used to form the CMOS transistors. The result is that
to produce bipolar transistors in a CMOS circuit, only the
steps of forming wells CPW1, CPW2 and BNW are added to
the manufacturing method. The steps to be added thus involve
only one additional photolithography resist and comprise
steps of depositing and etching a layer of light-sensitive resin
through the additional resist, and of forming three different
types of doping through the layer of resin thus etched.

FIG. 7 represents an NPN-type bipolar transistor, accord-
ing to one embodiment. The bipolar transistor in FIG. 7
differs from the one represented in FIG. 6 in that the doping of
the different regions forming the transistor are inverted
between the P and N types. Here, the layer NISO is not
present due to the fact that the wells CNW1 and NW have a
different type of doping from that of the P-type wafer, and are
thus already isolated from the wafer. The bias contact SND of
the well NISO is thus replaced by a bias contact SPD of the
wafer WF. More precisely, the transistor in FIG. 7 comprises:

N-doped wells CNW1, CNW2, forming a collector region
above the layer NISO, in the first region CA isolated by the
trench 11,

a gate GT formed on the first region CA,

a P-doped well BPW, forming a base region in the first
region CA, and between the well CNW2 and the upper sur-
face of the wafer WF, with a P+-doped base contact region
BPD on one side of the gate GT, and

N+-doped emitter END and collector contact CND regions
formed respectively in the base region of another side of the
gate GT, and between the trenches 11 and 12.

It shall be noted that, by adjusting the bias voltage of the
gate G, it can be possible to change the gain of the transistor
in FIG. 6or 7.

FIG. 8 represents curves C11, C12, C13 of variation in the
concentration of dopant Cd according to the depth Dp in the
wafer of different regions of the bipolar transistor in FIG. 6,
according to one example of an embodiment. The curve C11
corresponds to the doping of the well NISO which can be
produced using phosphorus doping, the concentration Cd of
which is situated between approximately 1 and 4-10'7/cm® at
depths Dp situated between approximately 0.8 and 1.4 pm,
where the maximum concentration is reached at approxi-
mately 1.1 um.

The curve C12 corresponds to the regions EPD, CPW1 and
CPW2 which can be produced using single boron doping. The
region EPD is situated between the surface of the wafer WF
and a depth of approximately 0.1 um. The concentration of
dopant in the region EPD decreases from approximately 10%°
on the surface of the wafer, to approximately 10'”/cm> at a
depth of approximately 0.1 pum. The well CPW?2 is substan-
tially situated between the depths Dp of approximately 0.1
um and 0.44 um where the concentration of dopant Cd varies
between approximately 1.5 and 10-10'%/cm?, the minimum
concentration value being reached at approximately 0.2 pm.
The well CPW1 is substantially situated at depths Dp situated
between approximately 0.44 and 0.8 um where the concen-
tration of dopant Cd varies between approximately 1 and
4-10'"/cm?, the maximum concentration being reached at
approximately 0.65 pm. The region EPD and the wells CPW1
and CPW2 can thus be produced with the same dopant by
adjusting the concentration according to the depth in the
wafer. The wells CPW1, CPW2 can be produced during a
same step of doping using a same light-sensitive resin resist.

The curve C13 corresponds to the well BNW which can be
produced using arsenic doping, the concentration Cd of
which has a maximum value of approximately 3-10'7/cm> at
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a depth Dp situated at approximately 0.1 um from the surface
of'the wafer WF. On the surface of the wafer and at a depth of
approximately 0.2 um, the concentration of dopant in the well
BNW drops to approximately 5-10*%/cm>. The region BND
can be produced using the same dopant, with a concentration
which can correspond to that of the region EPD between the
surface of the wafer and the depth (at approximately 0.1 pm)
where the concentration of dopant in the well BNW is maxi-
mum.

For the NPN transistor in FIG. 7, the curve C12 can corre-
spond to the regions CNW1, CNW2 and END, and the curve
(13 can correspond to the well BPW, by replacing the boron
with phosphorus, and the arsenic with indium.

FIG. 9 represents in a top view the wafer WF in which the
bipolar transistor is produced, according to one embodiment.
The bipolar transistor has a concentric structure in which the
first region CA is a central region surrounded by the periph-
eral, second region PA. This structure comprises, moving
outwards from the center of the structure, the emitter region
ED (EPD, END), the gate GT formed around the region ED,
the base contact region BD (BND, SPD) formed around the
gate GT, the trench 11 formed around the region BD, the
collector contact region CD (CPD, CND) formed around the
trench 11, the trench 12 formed around the region CD, and the
bias contact region SD of the well NISO or of the wafer WF,
formed around the trench 12. In the example in FIG. 9, the
structure has a square or rectangular shape. This structure can
alternatively be circular or elliptic in shape.

FIG. 10 represents in a top view the wafer WF in which the
bipolar transistor is produced, according to another embodi-
ment. The bipolar transistor in FIG. 10 differs from the one
represented in FIG. 9 in that it has an elongated structure in
which an isolating trench STI surrounds the first region CA
and the second region PA, by passing between these two
regions. The trench STI is surrounded by the bias contact
region SD of the well NISO or of the wafer WF. In the first
region CA, the emitter region ED, the gate GT and the base
contact region BD are aligned and each have a rectangular
shape. The second region in which the collector contact CD is
formed is limited to a rectangle aligned with the first region
and situated on the side of the base contact region BD.

FIG. 11 represents in a top view the wafer WF in which the
bipolar transistor is produced, according to another embodi-
ment. The bipolar transistor in FIG. 11 differs from the one
represented in FIG. 9 in that the first region CA has an elon-
gated shape. In the first region CA, the emitter region ED, the
gate GT and the base contact region BD are aligned and each
have a rectangular shape.

It shall be noted that in the transistors in FIGS. 10 and 11,
the gate GT can be wider than the emitter ED and base contact
BD regions.

FIG. 12 represents curves C1, C2 of variation in the gain G
of transistors in FIGS. 6 and 7 according to the difference in
potential Vbe applied between the base and the emitter of the
transistors. According to the curve C1, the gain G of the PNP
transistor (FIG. 6) reaches a maximum value in the vicinity of
80 when the voltage Vbe is situated between approximately
0.2 and 0.4V, and decreases to reach a value below 10 when
the voltage Vbe is above 0.96V. According to the curve C2,
the gain G of the NPN transistor (FIG. 7) reaches a maximum
value in the vicinity of 120 when the voltage Vbe is situated
between 0.4 and 0.5V, and decreases to reach a value below 10
when the voltage Vbe is above 0.96V.

FIG. 12 also represents curves C3, C4 of variation in the
frequency resistance of the transistors in FIGS. 6 and 7
according to the difference in potential Vbe applied between
the base and the emitter of the transistors. According to the
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curves C3, C4, the frequency resistance of the PNP and NPN
transistors reaches a peak around 20 GHz in the vicinity of a
voltage Vbe equal to 0.8V. On either side of this peak, the
frequency rapidly decreases to reach a value below 2 GHz at
the voltages Vbe below approximately 0.6V and above
approximately 1V. It shall be noted that the curve C4 relating
to the NPN transistor in FIG. 7 is slightly wider and higher (by
approximately 1 GHz) than the curve C3, and its peak is
situated at a value lower by approximately 0.2V.

It will be understood by those skilled in the art that the
present disclosure is susceptible of various alternative
embodiments and various applications. In particular, the
present disclosure is not limited to the manufacturing of
CMOS circuits, but can apply to the manufacturing of other
types of integrated circuits.

Furthermore, it goes without saying that the present dis-
closure is not limited to the manufacturing of a bipolar tran-
sistor in a P-doped wafer. In the event that the wafer is
N-doped, all the types of doping done in the structure in FI1G.
6, including that of the wafer, can be inverted between the P
and N types, to form an NPN-type bipolar transistor. Simi-
larly, all the types of doping done in the structure in FIG. 7,
including that of the wafer, can be inverted between the P and
N types, to form a PNP-type bipolar transistor.

In addition, the portion of the circuit comprising the trench
13 and the well NW in FIG. 6 or the well PW in FIG. 7, does
not belong to the actual bipolar transistor, and thus does not
define the structure of the bipolar transistor.

The various embodiments described above can be com-
bined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the specifi-
cation and the claims, but should be construed to include all
possible embodiments along with the full scope of equiva-
lents to which such claims are entitled. Accordingly, the
claims are not limited by the disclosure.

The invention claimed is:

1. A method, comprising:

forming at least one isolating trench isolating a first region

from a second region in a semiconductor wafer, and
isolating the first and second regions from a remainder of
the wafer;

forming a first well by a first type of doping, in the second

region;

producing a collector region, wherein producing the col-

lector region includes forming a second well by the first
type of doping, in the first region, the second well being
in contact with the first well below the at least one
isolating trench, and forming a third well of the first type
of doping above and contacting the second well;

producing a base region by forming a fourth well by a

second type of doping above the third well and at a
surface of the wafer;

forming a CMOS transistor gate on the first region;

performing a doping of the first type, wherein performing

the doping of the first type includes forming a collector
contact region and an emitter region, respectively in the
first well and in the base region adjacent to a first side of
the gate; and

forming a base contact region by a doping of the second

type in the base region adjacent to a second side of the
gate, wherein the third well and the base contact region
are produced using a same resist.

2. The method according to claim 1, wherein the wafer has
the first type of doping, the method comprising forming an
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isolating well by the second type of doping deep in the wafer
and below the first and second wells.

3. The method according to claim 2, comprising forming a
CMOS circuit in the wafer, wherein forming the isolating
well includes forming the isolating well while forming the
CMOS circuit in the wafer.

4. The method according to claim 1, wherein forming the at
least one isolating trench includes forming first and second
isolating trenches, the first isolating trench surrounding the
first region, and the second trench surrounding the collector
contact region and the first isolating trench.

5. The method according to claim 1, comprising forming a
CMOS circuit in the wafer, wherein forming the at least one
isolating trench, forming the first well, forming the gate, and
forming the collector contact region and the emitter region are
performed while forming the CMOS circuit in the wafer.

6. The method according to claim 1, wherein the second
well is more heavily doped than the third well.

7. The method according to claim 1, wherein the first well
is more heavily doped at the surface of the wafer than deep
down in the wafer.

8. A bipolar transistor which can be integrated into a
CMOS-type integrated circuit structure, the transistor com-
prising:

at least one isolating trench isolating a first region from a
second region in a semiconductor wafer, and isolating
the first and second regions from the rest of the wafer;

a first well having a first type of doping, formed in the
second region;

a collector region that includes a second well having the
first type of doping, in the first region and in contact with
the first well below the isolating trench, and a third well
of the first type of doping above and contacting the
second well;

abase region formed by a fourth well having a second type
of doping, above the third well and at a surface of the
wafer;

a CMOS transistor gate formed on the first region;

a collector contact region and an emitter region having
doping ofthe first type and positioned respectively in the
first well and in the base region adjacent to a first side of
the gate; and

a base contact region, having doping of the second type, in
the base region and adjacent to a second side of the gate,
wherein:

the at least one isolating trench includes a first and a second
isolating trench, the first isolating trench surrounding
the first region, and the second isolating trench sur-
rounding the collector contact region and the first isolat-
ing trench; and

the gate surrounds the emitter region, and the base contact
region surrounds the gate.

9. The bipolar transistor according to claim 8, wherein the
emitter region, the gate and the base contact region are
aligned and surrounded by the at least one isolating trench.

10. The bipolar transistor according to claim 8, wherein the
emitter region, the gate, the base contact region and the col-
lector contact region are aligned and surrounded by the at
least one isolating trench which isolates the base contact
region from the collector contact region.

11. The bipolar transistor according to claim 8, wherein the
wafer has the first type of doping, the bipolar transistor com-
prising an isolating well of the second type of doping deep in
the wafer and below the first and second wells.

12. The bipolar transistor according to claim 8, wherein the
second well is more heavily doped than the third well.
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13. The bipolar transistor according to claim 8, wherein the
first well is more heavily doped at the surface of the wafer
than deep down in the wafer.
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